Abstract: Chalcone epoxides are important intermediates for the synthesis of 3,5-diarylpyrazoles.
Introduction
Chalcones (l,3-diaryl-2-propen-l-ones) are readily prepared from the Claisen-Schmidt condensation of benzaldehydes and acetophenones, 1 and they are being investigated as analogs of the potent anticancer agent, combretastatin A4 (CA-4, Fig. I ). 2 ' 3 In accordance with CA-4, chalcones bind to the colchicine site of tubulin and inhibit the formation of the mitotic spindle in cancer cells. 4 As a result, chalcones have significant cytotoxicity against tumor cells grown in culture, 3, 5 and structure-activity relationship studies have suggested that the 1,3-diphenyl substituted propenone backbone is crucial for activity. 6 In order to develop novel chalcone derivatives with anti-cancer properties, one strategy is to convert the enone functionality into a heterocyclic unit, such as a pyrazole. Prior to our recent disclosure, the resulting 3,5-diarylpyrazole derivatives of chalcones have not been investigated as potential anti-cancer agents. 7 This drug design strategy has been successfully applied to the combretastatins, from which a tetrazole analog of CA-4 was discovered to possess potent anticancer activity.
8
A convenient synthesis of 3,5-diarylpyrazoles involves the reaction of chalcone epoxides with hydrazine, 9 thereby necessitating an efficient method for producing the starting epoxides from their respective chalcones (Fig-1) . A number of methods for the preparation of chalcone epoxides have been developed and reviewed, 10 including the synthesis of optically active epoxides. 100 The WeitzScheffer basic hydrogen peroxide method, however, remains the most convenient. To our knowledge, there has not been a study conducted to investigate the effects of substituents on the epoxidation of chalcones and the possibility of different reaction outcomes. As part of a biological study of 3,5-diarylpyrazoles, twenty different chalcone epoxides derived from their respective chalcones (1 -20) (Fig. 2) were required, which included electron donating and/or withdrawing groups on both the A-and B-rings. 7 This diverse group of chalcones provided an opportunity for establishing a structure-reactivity relationship. Our interest in these studies was inspired by several initial unexpected discoveries. Reaction of chalcone 11 (300 mg scale) with hydrogen peroxide, potassium carbonate and methanol produced the corresponding epoxide exclusively (Fig. 3 Figure-2: Compounds analyzed in the study.
Results and Discussions
A detailed study on the chemical reactivity of twenty different chalcones (1-20, Fig-2 ppm, s) and acetophenone (~2.6 ppm, s) were readily discerned in the mixture by comparison to authentic samples. The relative percentages of each species were quantified, using the NMR spectra of the twenty different crude reaction mixtures. The results, given in Table 1 , provided evidence that formation and isolation of the desired epoxide was dependent upon the nature of the substituents; three reactivity trends were observed. Structures of the epoxides were confirmed by NMR, IR and high resolution mass spectral analyses, as reported previously. 7 The chalcones, benzaldehydes and acetophenones were identified by comparing the data to NMR spectra obtained from authentic samples. Vol. 11, No. 6, 2005 Reaction of chalcones with basic hydrogen peroxide: A structure and reactivity study if the B-ring is multi-methoxy substituted but not at the 4-position, e.g. 14, the relative yield of the epoxide increases significantly.
(
ii) Electron withdrawing groups on the B-ring
The epoxidation reactivity of the chalcones changed considerably when a nitro-group was present on the B-ring. Oxidation of /?ara-nitro-compounds 9 and 10 with H2O2 and K 2 C0 3 formed only the desired epoxide. This result was interesting because compound 18 (containing a methoxy-instead of a nitro-group) generated /rara-methoxybenzaldehyde as the major product; however, the reaction of 
Heterocyclic Communications (Hi) Electron withdrawing groups on A-ring
'H-NMR spectra of the oxidized products of the chalcones containing an electron-withdrawing, 4-methoxy-3-nitrophenyl, A-ring (2-8, Table 1 ) revealed the formation of complex product mixtures, irrespective of the nature of the substitutents located on the B-ring. These included the desired epoxide, original benzaldehyde, starting chalcone and, in some cases, original acetophenone, presumably formed from multiple reaction mechanisms, which we are currently investigating.
The reaction conditions were further assessed to determine whether both peroxide and base were required to convert the chalcones into the epoxides. This test was necessary to ensure that neither of the two reagents converted the chalcone into the apparent retro-Aldol products. Three chalcones were used in this study: chalcone 11, which generated 100% epoxide; compound 18, that produced predominately the substituted benzaldehyde; and chalcone 2, that gave a mixture of epoxide, benzaldehyde, acetophenone, and unreacted chalcone. The aforementioned chalcones were each reacted separately with peroxide in methanol (no base), and potassium carbonate in methanol (no peroxide), for 15 hours. In each case, only the starting chalcone was observed, as determined from the NMR spectra. These control experiments indicated that both the peroxide and the potassium carbonate are required to generate the epoxide from the chalcone. These reactions also confirm that the retroAldol products of the chalcone are not obtained by each of the reagents alone. Additionally, chalcones 2,11, and 18 were treated with potassium carbonate, methanol and an equivalent amount of water (no hydrogen peroxide). In each of these experiments, only the starting materials were observed by NMR analysis, indicating that formation of the benzaldehyde from compounds 2 and 18 was not due to a retro-Aldol reaction.
In conclusion, the oxidation of chalcones with H2O2 and K 2 C0 3 generated interesting results. The substituents on the A-and B-ring of the starting chalcones dictate the outcome of the reactions; substitution pattern on the B-ring is also important. Further studies are underway to gain further understanding on the structure, electronic effects and reactivity of these chalcone-epoxide systems.
